Abstract -The effect of using double layers of polyethylene with air gap on the energy transport characteristics and most relative vegetative growth parameters and production of a tomato crop under eastern province climatic condition were studied and compared with the commonly used double layers (without air gap) covering methods. The results of this experimental work show that the greatest values of cooling effect (11.97 "C) and effectiveness of evaporative cooling system (75.05%) were achieved inside the greenhouses covered by double layers of polyethylene with 9 em air gap (greenhouses 1), whereas, the effectiveness of cooling system (68.18%) occurred inside greenhouse covered by double layers of polyethylene without air gap (greenhouses 2). Greenhouse 1 also increased the temperature of cold air just leaving the cooling system by 3.56°C, while greenhouse 2 increased the interior ambient air temperature by 5.06°C. Thus, the greenhouse 1, on the average, increased the rate of vegetative growth by 13.1 %, and fresh yield of tomato crop by 76.13%.
Introduction
Greenhouses are required for crop production in Saudi Arabia during summer and winter periods. It can provide a suitable environment that will result in improving crop growth and production. Thus, a greenhouse is equipped with some environmental modifications such as heating, ventilating and cooling systems.
Greenhouse industry has been revolutionized by using both expensive and inexpensive transparent materials which can be supported on relatively heavy and light structures. The use of controlled environment agriculture (where the growth and development of plants is controlled by regulation of ambient conditions such as light, air temperature, air relative humidity, and soil nutrients) has been suggested for commercial crops since it could promise increased yields, better quality, and production stability of high value crop species. The required maintenance of the growth environment makes input energy costs a major consideration in the development of this agricultural technology. between ambient weather and the grower management of greenhouse environments. The dramatic decreasing in the ambient air temperature (particularly at night) during winter season and vice versa in summer season may be considered as one of the biggest problem in Saudi Arabia's greenhouse vegetable production industry (Al-Amri, 2000) . Greenhouse ventilation is a necessary process to remove solar radiation heat, to control the level of relative humidity, and to replenish carbon dioxide that plants consume during the daylight hours in the process of photosynthesis (Al-Helal. 2007) .
Greenhouses, by their inherent nature, are large energy consumers (Chiasson, 2006) . As energy conservation schemes for greenhouses are implemented and greenhouse crops become more competitive with imports, profit margins should be restored, and new greenhouse construction will regain momentum. Designers will be called upon to produce new energy efficient designs compatible with energy conservation systems and changing cultural practices and crop varieties (Jones et aI., 1988 : Yang et aI., 1995 . Computer runs using longterm average solar radiation data revealed that, the greenhouse shape and cover material had an obvious effect on the effective transmissivity of the greenhouse (Lau and Staley, 1989) . Greenhouses are required to allow high light transmittance, low heat consumption, sufficient ventilation efficiency, adequate structural strength and good overall mechanical behavior, low construction and operating costs (Elsner et aI., 2000a) .
Climate is a major factor influencing both the structural and the functional characteristics of greenhouses. The design of a greenhouse aims at exploiting the external climatic conditions for improving the indoor microclimate. For this reason, the overall greenhouse design is strongly influenced by the climate and the latitude of the location (Elsner et aI., 2000b) . The choice of cover material is strongly dependent upon several factors; solar radiation transmission, resistance of ultraviolet (UV) degradation, heat losses, initial purchase price, and installation cost (Heinemann and Walker, 1987; Lau and Staley, 1989) . Research efforts along two paths: (a) improving the greenhouse structure to reduce energy losses, while maintaining a desirable growth environment; and (b) developing alternate energy sources such as solar, wind, reject heat from power plants, geothermal energy, and any other source to meet greenhouse heating demand (Lau and Staley, 1987 ; Nelson, 1990; Takakura et aI., 1994) . Vol-2 No 1 March, 2012 Polyethylene as a greenhouse covering material is low in cost, light weight, easy to apply. Unfortunately, it also has a high light transmittance and thermal conductivity. A polyethylene film is one of the most common greenhouse covering materials in Saudi Arabia. However, polyethylene films as a greenhouses covering materials with its transparent characteristics that transmits visible light (400-700 nm), which is the main source of energy for photosynthesis. Furthermore, it is susceptible to mechanical failure due to harsh conditions of high temperature, solar radiation, and wind (AIhamdan, and AI-Bela!. 2009).
The radiation transmission through a covering material is affected by several factors including: type of covering material, dirtiness, dust deposition, and changes in color caused by aging, location, and incident angle of the radiation. Another factor which determines the transmittance of a greenhouse covering is the presence of condensate on the interior surface of the materials. Temperature of the greenhouse cover is an essential parameter needed for any analysis of energy transfer in the greenhouse. Measuring the correct value of is difficult due to the· transparency of the covering materials and the effects of solar and thermal radiation and air movement on the cover surface. (Abdel-Ghany et al. 2006) Polyethylene films havebeen used extensively as greenhouse covering materials in Saudi Arabia. They have high light transmittance, and are transparent to thermal radiation. Also, they are flexible and the least expensive cover material. A serious problem with the greenhouse polyethylene cover is the short lifetime, especially in harsh weather conditions such as high temperature, high solar intensity, and dust, all of which are common in arid regions as occurs in central region, Saudi Arabia. The daily maximum temperature reaches as high as 45 C, and the amount of solar radiation exceeds 1000 W/m 2 (Alhamdan and AI-Belal,2009).
Therefore, the main goal of this study is to investigate the effect of covering methods on thermal performance and energy transport characteristics in greenhouses under local climatic conditions, and their effect on the most relative vegetative growth parameters. Specific objectives are to: (a) compare the traditional covering method (double layers of polyethylene) vs. (double layers -separated with air gap -of polyethylene), (b) study the effect of covering method on the thermal performance and energy transport characteristics for each case, and (c) study the effect of covering method on the most relative vegetative growth parameters and productivity.
Materials and Methods
Two identical gable-even-span greenhouses at the Agricultural and Veterinary Research Station of King Faisal University were utilized to grow and produce tomato during the summer months of 2010. Each one had gross dimensions of 8.00 m long, 4.00 m wide, and 3.16 m height, with a net surface area of 32.00 m2 (Fig. I ). Water galvanized pipes (38.1 mm diameter) were used to form the structural frame of the two experimental greenhouses. To reduce both the side effects of wind blowing over the roof of the greenhouse and the intensity of solar radiation flux incident inside the greenhouse during the hot summer season, the rafters were sloped at 30°of the horizontal plane. Each gable roof had gross dimensions of 2.310 m long (rafter) and 1.16 m height. The height of each side wall was 2.00 m. The straight-side wall pipes were strongly connected to the concrete foundations in order to transfer gravity, uplift and overturning loads such as those from the crop, suspended equipment, and wind loads safely to the ground. To increase and maintain the durability of structural frame and polyethylene cover, twenty tensile galvanized wires (2.0 mm diameter) are tied and fixed throughout the rafters and vertical pipes in each side. The experimental greenhouses are orientated in East-West direction.
Design of Evaporative Cooling

Systems-
The evaporative cooling system is mainly based on the process of heat absorption during the evaporation of water. It mainly consists of cooling pads and extracting fans. A crossfluted cellulose pad was mounted in a vertical fashion at the end of the greenhouse.
A PYC pipe (0.5 inch diameter) was suspended immediately above the cooling pads. Holes were drilled each 10 em long throughout the length of PYC pipe, and the end of this pipe was capped. To spread the water uniformly before it drops onto the cooling pads, a baffle was placed below the water pipe. A water sump was mounted under the pads to collect the water and return it into the water tank (600 liters), from which it could be recycled to the cellulose pads by means of the water pump. In order to bring the cold air onto the plants throughout the growth period, the cooling pads were located 20 em above the For the duration of the experimental work (2 years -4 seasons), the leaves number of tomato plant, the stem length, and the total fresh yield of tomato crop will monitored and compared between the treatments. Statistical analysis will be used in order to compare the treatments and to clarify the effect of different treatments on the tomato crop. Tomato seeds (ALZAIN F I, Ergon seed, Ergon International N.V., Holland ) will be planted in the nursery. The tomato seedlings will be raised in 100 mm and will be vegetated out at the four leaves stage. 
Results and Discussion
The experimental work was carried out during five months of2010 (Jun to Aug, 90 days were recorded during this period). Data obtained from this research work are summarized in .
•.. .... (38.40%). For the duration of the experimental work, the wetbulb depression was found to be directly related to the exterior ambient air temperature, air relative humidity and saturation pressure of the air. As the exterior ambient air temperature is increased and the air relative humidity is decreased, the saturation pressure is thus increased making the cooling system more efficient.
The best fit equations relating the cooling effect (T dd) to the wetbulb depression (T wd)for the three greenhouses were:-
The greatest values of cooling effect (11.97 "C) and effectiveness of evaporative cooling system (75.05%) were achieved inside greenhouse 1 at the greatest value of wet-bulb depression (15.95°C
) and lowest value of air relative humidity (24.2%); while, the lowest value of cooling effect (8.25 "C) and effectiveness of cooling system (68.18%) occurred inside greenhouse 2 at the lowest value of wet-bulb depression (12.10 0c) and greatest value of air relative humidity To examine the relationship between the interior ambient air temperatures (Tai) for both greenhouses and the exterior ambient air temperature (Tao), air relative humidity (R.H.) and wet-bulb depression (Twd), multiple regression analysis was used.
The ambient air temperature for greenhouses I and 2 was plotted against wet-bulb depression (Fig. 3) . Regression analysis revealed a highly significant linear relationship between these parameters for green- Vol-2 No 1 March, 2012 houses I and 2. It also showed that, the differences between the intercepts and the slopes were highly significant •..
•.. The effectiveness of evaporative cooling system varied from time to time, day to day and from greenhouse to another throughout the experimental work according to the intensity of solar radiation flux incident, the air relative humidity, the stage of plant growth, the intensity of cucumber plants per square meter of ground, and the type of greenhouse cover. Although cold air just leaving the evaporative cooling system for the two greenhouses was at the same level of temperature, the ambient air temperatures inside the greenhouses were varied from one greenhouse to another throughout the air stream. Greenhouse 1 increased the temperature of cold air just leaving the cooling system by 3.56 DC, while greenhouse 2 increased the interior ambient air temperature by 5.06 DC. This difference (1.5 DC) was due to the variation in intensity of solar radiation flux incident inside the two greenhouses, which was converted into thermal energy.
As the exterior air relative humidity is decreased and outside dry-bulb temperature exceeded 40 DC, the wet-bulb depression and the saturation pressure increased and the vapor pressure thus decreased making the evaporative cooling system more erncient and vice versa.
Wet-bulb depression was plotted against air relative humidity (Fig. 4) . Regression analysis revealed a highly significant linear relationship (P < 0.001) between these parameters. The best fit equation relating the wet-bulb· depression (T wd) to the outside air relative humidity (R.H.) was: As the number of plants per square meter of greenhouse ground surface area is increased, the consumption rate of light energy in photosynthesis process and shading area inside the greenhouse are thus increased making the rate of heat exchange between the ground bare area and interior ambient air decrease.
To assess the most important parameters affecting effectiveness of evaporative cooling system, the exterior ambient air temperature and wet-bulb depression were employed. Multiple regression analysis revealed a highly significant linear relationship (R == 0.989; P < 0.001) between the exterior ambient air temperature and effectiveness of evaporative cooling system. Thus, the double layers -separated with air gap of polyethylene cover mainly increased the effectiveness of cooling process. The relationship between ambient air temperatures inside and outside the two greenhouses was plotted in Fig. 6 . Relationship between solar radiation inside and outside the greenhouses pelted in Figure 6 . Using 50% shading cover for both greenhouses resulted in reduction of solar radiation 'inside both houses with 71.2% and 74.2% for greenhouse 1, and 2 respectively. Time, hr Figure 6 Relationship between solar radiation inside (using 50% shading cover) and outside the greenhouses.
The difference in stem length of tomato plants (Fig. 7) varied from one week to another throughout the growing season. It also indicates that the greater stem length was obtained from greenhouse 1 because the ambient air temperature inside the greenhouse 1 was around the optimum temperature (25°C), particularly at the critical period (from 10 am to 3 pm) during daylight (Fig. 5 ). Therefore, the weekly average rates of vegetative growth (stem length of plant) for the two greenhouses were 15.4 em/plant/week and 13.8 em/plant/week, respectively (Fig.  7) . Thus, greenhouse I increased the average rate of vegetative growth by 13.1 % (compared with greenhouse 2).
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This difference may be explained by the fact that the optimum ambient air temperature surrounding the tomato plants enhances and increases the absorption rate of nutrient elements, photosynthesis process, and building of carbohydrates.
As the green areas of leaves increased due to increase of vegetative growth rate, the biochemical processes increased, making the process of photosynthesis more efficient. The ambient air temperature surrounding the tomato plants played a vital role not only for vegetative growth, but also in influencing the vitality of seed insemination and, consequently, the number of fruit set per plant. As the ambient air temperature inside the greenhouse is increased over 30°C, the death rate of seed G2 insemination is increased, and the fruit set is thus decreased making the crop fruitful at a minimum level. Also, excess temperatures of greenhouse ambient air commonly caused loss in stem strength, and area of leaves, delay in flowering, loss of fruit size, and increase in pathogenic organisms. Due to all reasons discussed above, the total fresh yield of tomato crop for greenhouse I, and 2 was 464.2 kg (5.8 kg/plant), and 263.55 kg (3.29 kg/plant), respectively ( Fig. 8 ) . Consequently, the greenhouses covered by double layers of polyethylene with 9 em air gap (greenhouses I) more productive than the greenhouse covered with polyethylene sheet stick to each other (greenhouse 2). Although greenhouse 1 and 2 were covered with the same cover, greenhouse 1 was found to be more productive because its cooling system had greater cooling effectiveness than the cooling system of greenhouse 2. This temperature of ambient air was mainly enhanced and increased the absorption rate of nutrients elements which influenced the increasing of fruit set rate throughout the experimental work.
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The differences between mean fresh yield of tomato crop were highly significant with a probability of 0,99. Analysis of variance for tomato fresh yield revealed that, the F ratio were significant ( P < 0.001
).
This clearly means that, the cooling ambient air inside the greenhouse particularly at daylight during hot summer season affecting significantly and positively the fresh yield oftomato crop. 
